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Studies of clinical cohorts and retrospective reports have identified psychiatric disorders as paramount risk factors for suicide. Much less is known about how self-reported mental health is related to completed suicide. To study the relation between self-reported mental health and risk of completed suicide, the authors prospectively followed a population-based Norwegian cohort of 61,588 men and 69,774 women aged 39-44 years for an average of 10.4 years between 1994 and 2007. Self-reported mental health was measured using an instrument based on the Hopkins Symptom Checklist and the General Health Questionnaire. Completed suicides were registered in the official Norwegian Cause of Death Registry. Females reported higher levels of mental distress than males. In comparison with persons reporting the fewest mental health symptoms, the adjusted hazard ratio for suicide increased from 1.8 (95% confidence interval (CI): 1.1, 2.9) in the moderately depressed group to 8.9 (95% CI: 4.4, 18.2) in the most depressed group. The risk difference was greatest in males. At each level of the mental health index, males had double the risk of suicide of females (hazard ratio ¼ 2.3, 95% CI: 1.5, 3.3). This study shows a dose-response effect of self-reported mental health problems on completed suicide and replicates the gender paradox observed in the general population with prospective data.
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Suicide is approximately the 10th-highest cause of death in most Western countries. In 2007, the Norwegian suicide rate was 16.5 per 100,000 population for males and 7.7 per 100,000 population for females (http://www.ssb.no/emner/ 03/01/10/dodsarsak/tab-2009-04-07-08.html). This is comparable to rates in many other industrialized nations (1) . Several factors have been shown to predict suicide, including depression and anxiety (2, 3) , alcohol use (4, 5) , and smoking (6) . Marital status (7), socioeconomic status (8) , and gender (9) have also been related to suicide risk. These results stem from several different populations and research methods.
Even though suicide is an important cause of death, it is still a rare phenomenon. Several methodological approaches have been used to overcome this challenge to research. The retrospective ''psychological autopsy'' method gathers information on suicides through interviews with relatives and friends and by inspection of medical records (10) . In such studies, depression has been identified in approximately 60% of all suicides. These studies carry a risk of recall bias and may over-or underestimate the importance of a risk factor. Studies evaluating large clinical cohorts of patients (e.g., in Denmark) have observed a population attributable risk (PAR) of approximately 40% (11) for the relation between lifetime history of psychiatric hospital admissions and risk of suicide. Among psychiatric patients, depression is the diagnosis that increases the risk most (12) . Studies of clinical cohorts, however, have problems related to selection bias, making the validity of the results in the general population difficult to judge.
The optimal realistic design for studying the relation between risk factors and suicide would be a large cohort study, but only a few general population studies on mental health have been conducted prospectively with completed suicide as the main outcome (13) (14) (15) (16) . These studies found that suicide was predicted by levels of self-reported mental health problems above a certain threshold (13) (14) (15) or by having a diagnosed psychiatric disorder (16) . None of the studies were designed to investigate any dose-response relation between mental health problems and suicide risk, and they were too small to establish a relation between mental health problems and suicide in female responders.
Investigators in population-based prospective studies most often use self-report instruments to assess mental health. Although results from these instruments are probably suboptimal in comparison with diagnoses made by bestpractice procedures (17) , they may, in some instances, be better than clinician ratings in gathering relevant information. At least 3 studies from the field of suicide research have indicated that self-reports may provide more reliable information than clinician ratings for predicting nonfatal suicidal behavior (18) (19) (20) . This may be because interviewers are not sensitive enough or because patients are reluctant to report mental health problems to another person. Whether this also applies to the study of completed suicide is unknown.
The use of dimensional scales often follows the use of self-report instruments. Dimensional scales will not yield adequate diagnoses, even though newer self-report instruments are better than older ones in this respect (21) . However, they may still have advantages over categorical diagnostic instruments. Dimensional instruments may draw more information on mental health problems from the responders (22) by avoiding the loss of information when setting a cutoff to predict an outcome such as suicide (15) . In addition, using cutoffs may take away power for detecting relations and may therefore underestimate the outcome variation between groups (23). Patients who do not meet the defined cutoff on an instrument may still have substantial impairment (24, 25) that might predict increased risk.
Rates of suicide are 3-4 times higher in men than in women (9, 15) . Still, population surveys indicate that the prevalence of depression (26, 27 ) is higher in women than in men. In a cohort study examining the association of psychiatric symptoms measured by the General Health Questionnaire with suicide, male cases were more than 4 times more likely to die by suicide than female cases (14) , but this study lacked statistical power, as only 16 suicides occurred during the follow-up period. A Norwegian study, although investigating a larger cohort, encountered a similar power problem (15) . None of these studies were able to find an increased risk related to self-reported mental health problems in women.
Most studies on suicide and suicidal behavior have been carried out among young people. Suicide is, relatively speaking, a more important cause of death in this group, but nonetheless most suicides occur among middle-aged and older people. It is therefore important to study these relations.
Our aim in this study was to investigate how self-reported mental health predicted completed suicide in a middle-aged general-population cohort and to explore gender differences in the relation between mental health scores and suicide completion.
MATERIALS AND METHODS
In this prospective Norwegian cohort study, we investigated a sample of persons who responded to several relatively similar Norwegian health surveys carried out between 1994 and 1999. All men and women aged 40-42 years in designated counties were invited to participate in these surveys, which were primarily aimed at studying cardiovascular disease risk factors but also included questions on mental health status. In addition, in a few counties, persons aged 39, 43, and 44 years were invited to participate, so the participants were 39-44 years old at the time of screening. A selfadministered questionnaire was sent to the participants to be filled in at home. At the screening site, the questionnaire was checked for inconsistencies by a nurse, and omissions and logical inconsistencies were corrected according to a written protocol.
A total of 209,912 persons (107,001 men and 102,911 women) were invited to participate. Of these, 131,362 (61,588 men (57%) and 69,774 women (68%)) attended the screening and answered at least 1 of the mentalhealth-related questions relevant for this study (see below for details). A total of 58,493 men and 64,594 women answered all of the 7 questions.
Background and sociodemographic variables included were age, gender, marital status (married/cohabiting vs. all others), educational level (college or higher vs. all others), alcohol consumption (teetotalism, 0-7 units per months, or !8 units per month), smoking habits (current smokers vs. all others), and gross income in 1990 (in quartiles calculated for men and women separately). Smoking habits, alcohol consumption, and education were measured by self-report. Information on income was taken from Statistics Norway by data linkage, using the personal identification number assigned to all inhabitants in Norway. Data on background variables for the studied group are reported in Table 1 .
Mental health status was measured by means of a 7-item inventory partly modified from the General Health Questionnaire (28) and the Hopkins Symptom Checklist (29) , named the Cohort of Norway Mental Health Index (CONOR-MHI). The CONOR-MHI correlated well with both Hopkins Symptom Checklist-10 (Pearson's r ¼ 0.70) and the Hospital Anxiety and Depression Scale (30) (Pearson's r ¼ 0.76) (31) . The CONOR-MHI has demonstrated good psychometric properties in large population surveys, and a factor analysis suggested that it measures a factor of mental health status encompassing both anxiety and depression (31) . The 7 questions in the CONOR-MHI were: ''Have you, in the last 2 weeks, felt 1) nervous and unsettled, 2) troubled by anxiety, 3) secure and calm, 4) irritable, 5) happy and optimistic, 6) sad/depressed, or 7) lonely?'' Each item was scored on a 4-point scale (1 ¼ ''no,'' 2 ¼ ''a little,'' 3 ¼ ''quite a bit,'' and 4 ¼ ''very''). Data on items 3 and 5 were reversed in the analysis. The CONOR-MHI results were analyzed using 5 different levels of mean score as an indicator of mental health: 1.00-1.49 (60.7% of the study population), 1.50-1.99 (25.0%), 2.00-2.49 (10.3%), 2.50-2.99 (2.4%), and 3.00-4.00 (1.6%). Not all responders answered all of the questions, but a mean value was calculated for the questions they de facto had responded to. There was a tendency for the responders with the highest average to respond to fewer questions (the 1.00-1.49 group and the 3.00-4.00 group responded on average to 6.9 and 5.2 questions, respectively). However, exclusion of persons who had not responded to all questions (6%) did not change the risk estimates for suicide substantially. Therefore, all persons who had responded to at least 1 of the questions were included in the analysis.
Cause-specific mortality figures were provided by Statistics Norway from January 1, 1994, to December 31, 2007. Suicide was defined as codes E950-E959 in the International Classification of Diseases, Ninth Revision, and as codes X60-X84 and Y87.0 in the International Classification of Diseases, Tenth Revision. Information on cause of death was linked to our data by means of the personal identification number. The linkage was approved by the Data Inspectorate of Norway and the Norwegian Directory of Health. The subjects were followed from screening to emigration or death or December 31, 2007 , and the mean follow-up time was 10.4 years.
We calculated hazard ratios for the 4 groups with the highest mean score, using the 1.00-1.50 group as the reference group. Here we present unadjusted hazard ratios, as well as hazard ratios adjusted for age, gender, marital status, educational level, alcohol consumption, smoking habits, and income. The analyses were carried out using the ''coxph'' function in R statistical software (32) . We tested for interaction between gender and mental health using mean CONOR-MHI score as a continuous variable, and for interaction between gender and the confounders that were most related to suicide (categorical variables). Only gender and the relevant interaction variable were entered into the model when testing for interactions. Tests and graphical diagnostics for proportional hazards were based on Schoenfeld residuals using the R function cox.zph. The PAR for suicide associated with a CONOR-MHI score of 1.5 or higher was calculated as 1 À P(suicide within 13 years in the 1.00-1.50 group)/P(suicide within 13 years in the whole population). One could interpret a PAR of 0.25, for example, as if 25% of the suicides in the study population would not have happened if all persons had had a CONOR-MHI score below 1.5. (Table 1 ). The proportion reporting scores lower than 1.5 was 61% (79,763/131,362) (59% in females and 63% in males). Scores greater than or equal to 2.0 were reported by 16% of female responders and 13% of males. Females reported lower alcohol consumption than men, independently of CONOR-MHI score (Table 1) . For smoking, education, and marital status, the gender difference was marginal. With increasing CONOR-MHI score, fewer persons were married and fewer had higher education, and an increasing number of current smokers and teetotalers were found among the responders reporting high CONOR-MHI scores. The variables that were positively correlated with CONOR-MHI score were also positively correlated with suicide. The exception was the percentage of teetotalers in women, which increased with CONOR-MHI score but was less than half as high in those committing suicide as in those who did not.
RESULTS

Females reported higher CONOR-MHI scores than males
At the end of the observation period, there were 78 suicides among the men and 46 among the women ( Table 1) . The overall suicide rate per 100,000 person-years was 12 in men and 6 in women, and it increased with CONOR-MHI score in both genders, with a larger absolute increase in men than in women (Table 2) . Among the confounders, not being married, a low level of education, and current smoking predicted suicide. The respective unadjusted hazard ratios were 1.73 (95% confidence interval (CI): 1.21, 2.48), 1.57 (95% CI: 1.07, 2.30), and 2.24 (95% CI: 1.56, 3.20) . There was no significant interaction between gender and any of the above confounders (P-interaction > 0.3 in all cases). Use of alcohol did not increase the risk of suicide.
Separate analyses of the 7 items included in the CONOR-MHI showed that for both genders, high scores were significantly related to a higher suicide rate. The unadjusted hazard ratios varied between 1.2 (happy and optimistic) and 3.8 (lonely) for males and between 1.5 (happy and optimistic) and 3.3 (anxious) for females when higher CONOR-MHI scores (2-4) were compared with the lowest score (1) (for the happy/optimistic and safe/secure items, the scale was reversed). In analyses controlling for age, marital status, educational level, alcohol consumption, smoking habits, and income, a higher CONOR-MHI score was significantly related to suicide rate in both genders, with the hazard ratios increasing with increasing CONOR-MHI score. There was no significant multiplicative interaction between gender and CONOR-MHI score (P ¼ 0.43). In a model including gender as a variable, the hazard ratio associated with being male as compared with female was 2.3 (95% CI: 1.5, 3.3), and the adjusted hazard ratio for suicide increased from 1.8 (95% CI: 1.1, 2.9) in the moderately depressed group to 8.9 (95% CI: 4.4, 18.2) in the most depressed group (Table 2) . Figure 1 shows the cumulative hazard according to time since screening. For the male group with CONOR-MHI scores greater than or equal to 3, there was a steep increase shortly after screening. In this group, 3 of the 7 suicides occurred less than 2 months after the screening. Plots of Schoenfeld residuals suggested a higher hazard ratio at follow-up times less than 1 year in comparison with later follow-up for this group, although significance tests did not reject the null hypothesis of a proportional hazard for any CONOR-MHI group for any gender (P ! 0.25 in all cases).
The PAR for suicide associated with a CONOR-MHI score of 1.5 or above was 41% for both males and females. The PAR for suicide associated with being male was 30%.
DISCUSSION
On an additive scale, the relation between self-reported depression and anxiety and increased risk of completed suicide during follow-up in this prospective study was strongest for male responders. Females had slightly higher mental distress scores than males, and at each level of the mental health score, males had twice the risk of suicide of females. The population attributable fraction connected to anxiety and depression was 41% for both genders.
An increased risk of suicide among persons with depressive disorders has been shown in many earlier retrospective studies using the ''psychological autopsy'' method (10, 24) . Our results replicate these findings in a prospective manner and suggest that the relation between depression and anxiety cannot be explained by recall bias or other methodological limitations of the earlier studies. Furthermore, our sample was large, and the follow-up was complete because we were able to use personal identification numbers and high-quality Norwegian population registers.
We have found only 3 other prospective cohort studies which investigated the relation between mental health and suicide as the outcome (7) (8) (9) . The results of our study are consistent with those of these earlier prospective studies but add some important findings: Because of a higher number of suicides, we were able to show an increased risk of suicide with higher levels of self-reported depressive or anxiety symptoms. This resembles the increased risk of suicide completion found among psychiatric patients with increasing severity of depressive episodes (33) .
The present study replicates previous findings of more selfreported mental health problems among females than among males (26, 27) but reversely a higher suicide rate among males than among females (9, 15) . As measured by the PAR, being male accounted for 30% of the suicides in the population, whereas mental problems accounted for 41%. At each level of the CONOR-MHI, including the reference level, the risk of suicide was approximately twice as high in men as in women. Thus, the PARs associated with the CONOR-MHI were similar in men and women, but the absolute risk was higher in men. Consequently, the risk difference between high and low CONOR-MHI scores was greater in males than in females, and the risk difference between males and females was greater at higher CONOR-MHI scores. The closer relation between self-reported poor mental health and suicide among male responders could be due to poorer verbalization skills among men (i.e., they may act rather than grumble). This again could be due to a sense of futility in complaining or to a stronger feeling of guilt or shame about mental health problems among male responders. Men may undercommunicate with regard to mental health problems, and the present findings caution us to be particularly attentive to symptoms of such problems among men when they are conveyed.
We could speculate on the sensitivity of anxiety and depression measures in predicting suicide in the long run. The mean duration of follow-up in our study was 10.4 years. Mental health parameters at 1 point in time will predict mental health in future measurements on a group level, but on an individual level, we would expect depressive symptoms to have a natural course in which the symptoms would usually subside after some time (34) . In our study, we only measured mental health at 1 time point. There was a tendency for suicides to occur earlier in the responders with the highest CONOR-MHI scores. Because we did not know the later mental health status of the suicide victims, we may have underestimated the importance of anxiety and depression as predictors of suicide. Mental health symptoms are clearly not the only phenomenon involved in the trajectory to completed suicide. Although there are some conflicting results, most studies point to a relation between alcohol consumption and suicide risk in clinical studies, cohort studies, and ecologic studies (2, (35) (36) (37) (38) (39) . The same has been shown for smoking (2, (40) (41) (42) (43) (44) . Lastly, several socioeconomic factors such as lower income, lower occupational class, unemployment, lower educational status, and lower family status are known to be related to suicide risk (8, (45) (46) (47) (48) (49) . We found that low education, low income, and not being married increased the risk of committing suicide (although the association was not statistically significant for income), and we adjusted the results for these variables.
Our study was population-based and hence was less prone to selection bias. However, other studies have shown that nonresponders or nonattendees in population-based health surveys may have higher psychiatric morbidity than attendees (50) . It is thus plausible that nonresponders in the present survey would have had higher CONOR-MHI scores. However, it is difficult to estimate how this would have influenced the present findings.
Nevertheless, in this prospective population-based cohort study, we have shown that self-reported symptoms of depression and anxiety predict later completed suicide and that there seems to be a dose-effect relation between suicide and the severity of such symptoms for both genders, even if the relation is stronger among male responders. Depression can be treated effectively in primary health-care settings. A PAR of 41% indicates the importance of providing easily accessible and effective treatments for depression in general practice.
